Because of difficulties in finding, recruiting, and diagnosing dementia in the oldest old (ages ≥90 years), most incidence studies include few very elderly persons, and little is known about the characteristics of those who refuse participation. In a California longitudinal study of dementia and aging (The 90+ Study, 2003 -2011 , we compared nonresponders with responders with regard to information collected 20 years earlier and the impression of dementia as determined during telephone recruitment. Of 1,815 eligible subjects, 1,514 (83%) joined the study, 182 refused, and 119 could not be contacted. Responders did not differ from nonresponders by sex or previously collected medical history or lifestyle behaviors. Recruiters' impressions of dementia were similar in responders and nonresponders who refused (35% and 38%), and among responders, impressions of dementia showed high positive predictive value (95%) but low sensitivity (51%) for a diagnosis of dementia made during the study. Although epidemiologic studies among the very old have the potential for significant nonresponse bias due to a high proportion of frail, ill, and cognitively impaired persons, strategies can improve response rates to over 80%. Classifying nonresponders on cognitive ability at recruitment, though crude, will give some idea of the selective bias in dementia prevalence and incidence estimates introduced by nonresponse due to cognitive status. aged; bias; cohort studies; dementia; epidemiologic methods; refusal to participate With longer life spans and high incidence rates of late-life dementia, dementia is becoming a major public health problem. Over the next few decades, the global prevalence of dementia will increase severalfold, to more than 81 million by the year 2040 (1).
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Because of difficulties in finding, recruiting, and diagnosing dementia in the oldest old ( persons aged ≥90 years), most studies do not have sufficient numbers of participants to estimate prevalence and incidence rates by age and sex above age 90 years (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Additionally, nonresponse rates are often substantial, and little is known about the characteristics of persons who refuse participation in epidemiologic studies of dementia in the elderly. Concerns include decreasing response rates with age and the fact that the cognitive status of nonresponders is poorer than that of responders. Nonresponse can lead to bias in estimates of the prevalence and incidence of cognitive impairment in the oldest old and in patterns of change over time.
In light of these concerns, we characterized the nonresponders and compared them with participants in a large cohort study of the oldest old. We also attempted to determine whether the prevalence estimate of dementia from the cohort reflected the prevalence rate of the referent population.
MATERIALS AND METHODS
The Leisure World Cohort Study was established in the early 1980s when 13,978 residents of a California retirement community (Leisure World Laguna Hills) completed a postal health survey. Residents were recruited in 4 waves: 1) persons who owned homes in Leisure World on June 1, 1981 , and new residents who had moved into the community and were living there on 2) June 1, 1982, 3) June 1, 1983, and 4) October 1, 1985 . The baseline survey asked for information on demographic characteristics (sex, marital status, height, weight), basic medical history (high blood pressure, heart attack, angina, stroke, diabetes, rheumatoid arthritis, glaucoma), and several personal habits (smoking, alcohol consumption, caffeine intake, vitamin supplement use, physical activity). Details on the study methods and on these variables have been presented in previous reports (12) (13) (14) (15) .
Follow-up of the cohort is maintained through periodic resurveys (1983, 1985, 1992, 1998) , review of local hospital discharge data , and determination of vital status by searches of governmental and commercial death indexes and ascertainment of death certificates.
The 90+ Study, a longitudinal study of aging and dementia in the oldest old, was established in 2003 (16, 17) . Leisure World Cohort members aged 90 years or older were asked to join if they were still living on January 1, 2003; on January 1, 2008; and on January 1 thereafter. All eligible Leisure World Cohort members were mailed a brochure describing The 90+ Study, a letter inviting them to join, and a postage-paid form to return indicating a convenient time for us to contact them to schedule an appointment. About a month later, we telephoned those who had not returned the form to provide them with additional information, answer questions about the study, and encourage participation. If eligible individuals were unable or unwilling to be seen in person, we offered them the opportunity to be a telephone participant. If they were unwilling or unable to participate by telephone, we then contacted next of kin to obtain information so they could be included as an informant participant.
Participants in The 90+ Study were asked to undergo an in-person evaluation which included a neurological examination by a trained physician or nurse practitioner and a neuropsychological test battery that included the Mini-Mental State Examination (18) . The structured neurological examination included mental status testing covering multiple domains and selected items regarding function. The neurological examiner used these to assign a diagnosis of dementia according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for dementia (19) . Some participants' poor health, frailty, or disability did not allow a full in-person evaluation, and others did not want a full in-person evaluation. Information about such participants was obtained by telephone or from informants. Participants who were evaluated by telephone completed the short version of the Cognitive Abilities Screening Instrument (20) . For participants evaluated through informants, the Dementia Questionnaire (21) was completed over the telephone. The Dementia Questionnaire was also completed for participants who scored less than 25 on the Mini-Mental State Examination or less than 27 on the Cognitive Abilities Screening Instrument, and for all participants at the time of death. All participants (or their informants) completed a questionnaire that included demographic factors, medical history, and medication use. In addition, informants of all participants were asked about the participant's cognitive status (22) and functional abilities (23, 24) , using a mailed questionnaire.
At a consensus conference, all available information about a subject was utilized to determine the presence of dementia. In addition to subject evaluations, we used laboratory tests, medical records, including computed tomography or magnetic resonance imaging scans of the head, other relevant studies, and Dementia Questionnaires.
When we telephoned potential subjects or their next of kin to provide them with information about the study, the recruiters ( primarily B.D. and M.H.) made a determination from the conversation as to whether the subject was cognitively normal or cognitively impaired. If the participant had trouble tracking the conversation, made inappropriate responses, did not know where he/she lived, or did not recall a recent earlier conversation with us, or if the participant or an informant commented on his/her impaired memory or dementia, the subject was categorized as cognitively impaired or demented.
Chi-square tests were used for comparison of categorical variables, and t tests were used for testing differences between mean values of continuous variables. Statistical analyses were performed using SAS, version 9.2 (SAS Institute Inc., Cary, North Carolina).
The institutional review boards of the University of Southern California and the University of California, Irvine, approved the study.
RESULTS
Of the 1,815 Leisure World Cohort members who were eligible for The 90+ Study, 1,514 (83%) joined the study. Of 301 nonresponders, 182 (60%) refused and 119 (40%) could not be contacted by mail or phone ( Figure 1 ). Table 1 presents the characteristics of the participants in the 1980s, by response category. Responders did not differ significantly from nonresponders with regard to any of these variables except age. Nonresponders were slightly younger than responders (92.3 years vs. 92.7 years; P = 0.02). Persons we could not contact were more likely than refusals to be married (44% vs. 26%; P = 0.001) and were less likely to be diabetic (0% vs. 3%; P < 0.05). Table 2 shows the previous follow-up rates and the proportions of participants with known dementia by follow-up survey, hospital record, or death certificate. Although responders did not differ from nonresponders with regard to completion of the first follow-up survey (in 1983), they were more likely to complete the 1985, 1992, and 1998 surveys (P < 0.0001). Compared with refusals, persons we were unable to contact for The 90+ Study had higher rates of dementia according to the 1992 and 1998 surveys and death certificates, though only the difference for death records was statistically significant. Table 2 also shows that the recruiters' impressions of dementia did not differ between responders and nonresponders who refused. Thirty-five percent and 38%, respectively, were classified as cognitively impaired or demented at recruitment. Table 3 compares the recruiters' impression of cognitive impairment with that determined by the neurological examiner from an in-person examination and by consensus conference using all available information. Cross-tabulation of the recruiters' impression with both the in-person examination and the consensus conference yielded kappa statistics ( proportion of agreement above chance) showing low-tofair agreement (κ = 0.25 and κ = 0.29, respectively). The recruiters had a high positive predictive value; persons whom the recruiters identified as demented tended to be so (95%-96%). However, the sensitivity was low (51%-53%); many impaired/demented persons were identified as cognitively normal by the recruiters.
DISCUSSION
The 90+ Study had a high response rate (83%) in a very elderly group. Medical illness, frailty, fatigue, and sensory losses ( particularly visual and hearing losses) are common in the oldest old and can affect the ability to recruit and assess these subjects. We tailored recruitment strategies to meet the needs and concerns of the persons of interest. Our research office is located in the center of the Leisure World community, near the homes of the majority of eligible subjects. Participants agreeing to be seen in our research office were offered free transportation. For frail persons and others who were unable (including those living outside the community) or unwilling to come into the research center, staff traveled to the subject's residence. Home visits greatly enhanced enrollment and probably reduced the rate of refusal due to health problems. We also chose procedures, with multimodality presentation, designed to minimize the impact of sensory losses. We used test stimuli with large bold print and provided hearing aids when testing participants. Frequent breaks and extending sessions over multiple visits were employed to minimize fatigue. We also used telephone procedures for participants who did not want an in-person visit and informant interviews for those who were unable to participate or recently deceased. Many informants also authorized us to visit their relatives for a neurological examination. Including these persons enabled us to gather information on those who were too physically frail or cognitively impaired to participate fully themselves. All of these approaches helped to increase our participation rate.
Although response rates tend to decrease with age or show a curvilinear association with age in large surveys (25) (26) (27) (28) (29) , participation rates tend to be higher when the surveys are designed specifically for the elderly ( persons aged ≥65 years) (30) (31) (32) (33) (34) . The National Long-Term Care Survey (30) and the Longitudinal Study on Aging (31) had participation rates of over 90%. Other studies had response rates of 70%-85% (32) (33) (34) . Although some dementia studies of the oldest old have participation rates greater than 80% (3), others have lower rates (4, 7, 10) .
Within the limited age eligibility of The 90+ Study, we noted only a weak relation between age and response status. Potential subjects-responders and nonresponders alikewere alive on their cohort recruitment date and were aged ≥90 years. Hence, all of them can be classified as "supersurvivors." We expected that nonresponders, especially those we were unable to contact, would be older and in poorer health. In contrast, nonresponders were slightly younger on average than responders (92.3 years vs. 92.7 years), and those we could not contact were less likely to report diabetes on the original questionnaire than refusals (0% vs. 3%). We also found that persons who refused differed from those we were unable to contact with regard to marital status (26% vs. 44% were married in the 1980s). We have no explanation for these findings.
We found no evidence of a sex difference between response groups. In the community sample of the Saskatchewan Health Status Survey of the Elderly, response among the very elderly (ages ≥85 years) was disproportionally male (35) , as it was in a sample of persons aged ≥70 years drawn from Bergen, Norway (29) . In contrast, the World Health Organization MONICA Project (Monitoring of Trends and Determinants in Cardiovascular Disease) found that women were more likely to participate (36) .
No difference among groups was observed for the other variables on which data were collected as part of the Leisure World Cohort Study in the 1980s. Because our population was relatively homogeneous with respect to race (white), socioeconomic class (moderately affluent), and education (highly educated), we could not evaluate patterns of response according to these variables. Not unexpectedly, continued active participation in the Leisure World Cohort Study by completion of follow-up surveys was higher in responders than in nonresponders.
Although the effects of nonresponse can often be evaluated by only a few demographic characteristics such as sex and age, several studies have found health differences between responders and nonresponders. Some studies of aging people have reported that, compared with responders, nonresponders have poorer self-rated health and mobility (33, 37) and higher rates of psychiatric illness, heart attack, stroke, and diabetes (38) . In some studies, nonresponders more often used medical services and were more frequently admitted to hospitals (35), but not in others (29) . In our study, no large differences in hospitalization (up to 2004) were found among responders (72%), nonresponders (68%), or refusals (70%) and the no-contact group (66%). The presence of similar distributions of demographic variables in responders and nonresponders does not preclude the possibility of an unequal distribution of cognitive status (38) . Akhtar (39) , performing a medical examination on all but 2 persons who refused an interview (n = 50), found more dementia and anxiety and less depression in the nonparticipating group, although no difference was statistically significant. Similarly, nonresponse was associated with poorer cognitive performance in a study of persons aged ≥75 years living at home in a small city in Quebec, Canada (40) ; in the Australian Longitudinal Study of Aging, comprising persons aged ≥70 years (37, 41) ; and among ≥75-year-old heads of households in a rural community in Utah (42) . In a Dutch population aged ≥65 years, reason for nonresponse was associated with a general practitioner's judgment about the subject's cognitive status, with persons who were ill or deceased being more likely to be demented than refusals or those who were not traceable (43) . Although we could not medically rate cognitive ability in our group of nonresponders, our recruiters' impressions of dementia gave some reassurance that the proportions did not differ greatly between responders and refusals (35% and 38%, respectively). It does appear, however, that persons we were unable to contact were more likely to be demented than those who refused (e.g., 37% vs. 22% by death records; P = 0.03).
The proportion of persons identified with dementia through follow-up questionnaires, hospital records, and death records was undoubtedly an underestimate of the true prevalence. Although nonresponders to The 90+ Study were less likely to have completed previous follow-up surveys, among those with completed questionnaires the proportions identified with dementia were similar in responders and nonresponders, as were the proportions identified by means of hospital records and death records. The only statistical difference in dementia proportions was the difference on death records between refusals and persons with no contact (22% vs. 37%; P = 0.03). Because of missing follow-up questionnaires in nonresponders, the higher dementia proportion on death records in persons with no contact, and the slightly greater proportion believed to be demented by recruiters in refusals, the rate of prevalent dementia was probably greater in nonresponders than in responders. We previously reported an overall prevalence of dementia in persons aged ≥90 years of 41% (95% confidence interval: 38, 44), with dementia prevalence being higher in participants not seen in person than in those diagnosed through in-person procedures (16) . If the dementia rate in nonresponders were twice that of responders, the overall prevalence rate would be 48%. If the prevalence were larger only in persons with no contact, then the overall prevalence rate would be 44%.
Epidemiologic studies among the very old are laden with difficulties and the potential for significant nonresponse bias. Although the effect of nonresponse is relevant to any health survey, it may be especially important in studies of the elderly with a high proportion of frail, ill, and cognitively impaired persons. If nonresponders differ from responders with regard to these factors, bias in disease estimates may occur. Strategies for improving the response rates of older adults are essential (44) . These may include modification of interview length, an extended recruitment period, home visits, provision of transportation, and use of proxies. Many seniors will initially decline for legitimate, but acute and transient, reasons and may later become participants. Empathetic recruiters and interviewers with substantial training who understand seniors' concerns and can explain to seniors how the study needs their specific input are essential. Recruiters must emphasize the importance of each individual in the study, whether extremely healthy, extremely unhealthy, or somewhere in between. Knowing more about nonresponders will help us develop better recruitment strategies and improve participation rates among the oldest old in the future.
